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(54) Evacuatable package and a method of producing the same 



(57) The present invention is an evacuatable pack- 
age structure with highly reliable vacuum-sealing and a 
method for producing the same. A lid portion (2) is 
joined onto a substrate (1) so that an element (4) is 
accommodated in a space (3) formed by the substrate 
(1) and the lid portion (2). A connecting hole (5) con- 
necting to the space (3) is made in the lid portion (2) 
such that it opens to the top face of the lid portion (2). A 
metal film (10) is formed in the complete peripheral 
region of the opening of the connecting hole (5), and a 
thermo-melting material (8) is joined to the metal film 
(1 0) to close the opening of the connecting hole (5) with 
the thermo-melting material (8) so as to seal the ele- 
ment (4) in the vacuum space (3). Before closing the 
opening of the connecting hole (5) with the thermo-melt- 
ing material (8), the space (3) is evacuated, and simul- 
taneously, the thermo-melting material (8) is melted by 
heat and left until completely degassed in a vacuum. 
The degassed thermo-melting material (8) is then 
pressed and joined to the metal film (10) in the periph- 
ery of the opening of the connecting hole (5) to close the 
opening with the thermo-melting material (8) and vac- 
uum-seal the space (3). 



FIG L (B) 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an evacuatable 
package structure for sealing an element, such as a 
micromechanical vibratory gyroscope, in an evacuated 
space, and a method for producing the same. 

More particularly, the present invention relates to a 
vacuum package comprising a substrate, a lid portion 
joined onto said substrate, an evacuated space formed 
by said substrate and said lid portion, an element 
formed on said substrate and contained in said evacu- 
ated space, and a connecting hole connecting said 
evacuated space with an opening formed on the top 
face of said lid portion. 

2. Description of the Related Art 

Figure 5 shows an example of a package for seal- 
ing a vibrating element, such as a micromechanical 
vibratory gyroscope, in an evacuated space. This ele- 
ment package is composed of: a substrate 1 made of 
silicon, etc. ; a lid portion 2 to be anode-coupled with the 
substrate 1 ; and a vibrating element 4 (e. g., a microme- 
chanical vibratory gyroscope) formed on the substrate 1 
and accommodated in a space 3 formed by the sub- 
strate 1 and the lid portion 2. 

The lid portion 2 has a connecting hole.5 connecting the 
space 3 to the outside for exhausting excess gas from 
the space 3 after anodic bonding the substrate 1 and 
the lid portion 2. The connecting hole 5 is closed with a 
sealing film 6 formed by sputtering, electron-beam dep- 
osition, or the like so as to seal the space 3 to maintain 
a vacuum. 

The vibrating element 4 is a fine element produced by a 
semiconductor-device fabrication technique and its 
operation characteristics deteriorate in the atmosphere 
due to air-dumping from the atmosphere. By sealing the 
vibrating element 4 in the evacuated space 3 main- 
tained under a vacuum as described above, the vibrat- 
ing element 4 can vibrate without the influence of air- 
dumping, and thus deterioration in the operational char- 
acteristics of the vibrating element 4 caused by air- 
dumping is prevented. However, according to the above 
structure in which the connecting hole 5 is closed with 
the sealing film 6, a disadvantage is that the vibrating 
element 4 cannot be reliably vacuum-sealed, a fact 
which is attributed to the following: Since the connecting 
hole 5 is made in the lid portion 2 by a piercing tech- 
nique such as ultrasonic, processing or sandblast 
processing, the inner face of the resulting connecting 
hole 5 is rough, or in other words, has concave portions 
and convex portions. Furthermore, with respect to the 
face to which the connecting hole 5 opens, the inner 
face of the connecting hole 5 is tapered, as is shown in 



the figure, or perpendicular (not shown in the figure). 
Thus, it is difficult to perfectly form the sealing film 6 on 
the inner face of the connecting hole 5 by sputtering, 
electron-beam deposition, or the like. In other words, 

5 the sealing film 6 is formed on convex portions and not 
formed on concave portions of the inner face of the con- 
necting hole 5 so that the inner face of the connecting 
hole 5 cannot be entirely covered with the sealing film 6. 
Thus, the space 3 is not perfectly sealed by the sealing 

10 film 6 and the air tightness of the space 3 deteriorates, 
thereby decreasing the reliability of the vacuum-sealing 
of the vibrating element 4. 

SUMMARY OF THE INVENTION 

75 

The present invention is aimed at solving the above 
problems. Accordingly, objects of the present invention 
are to provide an evacuatable package in which an ele- 
ment can be readily sealed in an evacuated space with 

20 improved reliability while exhibiting excellent operational 
characteristics, and a method for producing the same. 
The invention provides an evacuatable package of the 
above mentioned kind, which is characterized in that a 
metal film is formed on the top face of said lid portion 

25 around the periphery of said opening of said connecting 
hole, and a thermo-melting material is joined to said 
metal film to close said opening of said connecting hole. 
According to the present invention, the metal film can 
completely cover the peripheral region of the opening of 

30 the corresponding connecting hole which opens at the 
top face of the corresponding lid portion, because the 
metal film is formed around the complete peripheral 
region of the opening of the corresponding connecting 
hole. Thus, the thermo-melting material and the metal 

35 film can be joined without forming spaces therebe- 
tween, so the space accommodating an element can 
reliably be sealed to maintain a vacuum by closing the 
openings of the connecting holes. Thus, it is possible to 
greatly increase the air-tightness of the space and the 

40 element can be vacuum-sealed with greatly improved 
reliability. In the above evacuatable package, either said 
substrate or said lid portion may be composed of a 
glass material and the other may be composed of sili- 
con. In an evacuatable package in which either the sub- 

45 strate or the lid portion is formed of a glass material and 
the other is composed of silicon, the substrate and the 
lid portion can be stably joined by anodic bonding. 
Therefore, the lid portion can be prevented from being 
stripped off of the substrate, resulting in more reliable 

so element packaging. The invention also provides a 
method for producing the above evacuatable package, 
comprising the steps of: 

1) forming said opening of said connecting hole on 
55 the top face of said lid portion and a metal film on 

the top face of said lid portion around the periphery 
of said opening of said connecting hole; 
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2) arranging said lid portion having said connecting 
hole above said substrate having said element so 
as to accommodate said element in the space 
formed by said substrate and said lid portion; 

3) joining said substrate to said lid portion; 

4) evacuating said space accommodating said ele- 
ment through said connecting hole connecting said 
space; 

5) closing said opening of said connecting hole by 
joining degassed said thermo-melting material to 
said metal film so as to seal said space accommo- 
dating said element to maintain a vacuum. 

In a method for producing an evacuatable package 
incorporated in the present invention, the degassed 
thermo-melting material is pressed to^the metal film, 
formed around the periphery of the opening of a con- 
necting hole, and joined thereto so that the opening of 
the connecting hole is closed and the space accommo- 
dating an element is sealed to maintain a vacuum. 
Therefore, the gas generated from the thermo-melting 
material is prevented from entering the space through 
the corresponding connecting hole and the space is 
readily sealed to maintain a vacuum in which the ele- 
ment exhibits excellent operational characteristics. The 
operational characteristics of the element can be 
thereby improved. The above method may further com- 
prise the steps of: 

1) preparing a second substrate, used for placing 
said thermo-melting material, having a dent formed 
in a region corresponding to said opening of said 
connecting hole; 

2) placing said thermo-melting material in said dent 
on said second substrate, melting said thermo- 
melting material by heat, and leaving said thermo- 
melting material until it is substantially completely 
degassed, advatageously during the evacuating 
step; and 

3) pressing said second substrate to the top face of 
said lid portion with said thermo-melting material in 
said dent and said opening of said connecting hole 
facing each other in the step of closing said opening 
of said connecting hole. 

In the above method, a second substrate having a 
dent formed in a region corresponding to the opening of 
a connecting hole is prepared beforehand, and then, the 
thermo-melting material is placed in the dent and 
melted by heat for degassing. With the degassed 
thermo-melting material in the dent facing the openings 
of the connecting holes, the second substrate having 
the thermo-melting material thereon is pressed to the lid 



portion so that the thermo-melting material is pressed to 
the metal film around the periphery of the opening of the 
connecting hole and joined thereto. The positioning of 
the thermo-melting material at the time of pressing the 

5 thermo-melting material to the metal film around the 
periphery of the opening of a connecting hole thereby 
becomes easier. As a result, the opening of the con- 
necting hole can be more reliably closed with the 
thermo-melting material and the element yield can be 

10 improved. In the above method, a plurality of said ele- 
ments may be simultaneously formed on one initial sub- 
strate while a plurality of said lid portions each having a 
concave portion in a region corresponding to said ele- 
ment may be formed in one initial lid substrate; the initial 

75 lid substrate may be joined to said initial substrate such 
that each element faces the corresponding concave 
portion and is packaged by said initial substrate and the 
corresponding lid portion; and said initial substrate and 
said initial lid substrate may be cut along predetermined 

20 dicing lines to make a plurality of said substrates and 
said lid portions so as to separate and complete the 
vacuum-sealed elements. Since a plurality of connect- 
ing hole-openings can be simultaneously closed with 
the thermo-melting material, the operational time 

25 required for sealing the connecting holes can be 
reduced and mass-production of the packaging struc- 
ture becomes possible. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1(a) and 1(b) 



35 Figure 2 



Figure 3 



Figure 4 



show an evacuatable package 
according to an embodiment of 
in the present invention; 

is an enlarged cross-sectional 
view of a connecting hole 
shown in figures 1(a) and 1(b); 

illustrates a method for produc- 
ing the evacuatable package 
shown in figures 1(a) and 1(b); 

illustrates another method for 
producing the evacuatable 
package shown in figures 1(a) 
and 1(b); and 



Figure 5 shows a conventional package. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention will be better understood 
from the following description taken in conjunction with 
the accompanying drawings. 
55 Figure 1(a) shows a vacuum-sealed element 
whichrts obtained by packaging a vibrating element 
according to an evacuatable package of the embodi- 
ment incorporated in the present invention, and figure 
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1 (b) is a cross-sectional view taken along the line A-A in 
figure 1(a). The numerals in the different views identify 
substantially identical parts in the above conventional 
example, and detailed explanations thereof are omitted. 
The evacuatable package of this embodiment is com- 
posed of: 

a first substrate 1 made of silicon; 
a lid portion 2; 

a vibrating element 4 such as a micromechanical 
vibratory gyroscope; and 

a thermo-melting material 8 (i. e., material that 
melts due to heat) such as solder. 

As is shown in figures 1(a) and 1(b), the vibrating 
element 4 is formed on the first substrate 1 by a semi- 
conductor-device fabrication technique and the lid por- 
tion 2 is anode-coupled with the first substrate 1 . The lid 
portion 2 has a concave portion 1 1 in a region corre- 
sponding to the vibrating element 4. The vibrating ele- 
ment 4 is accommodated in a space 3 formed by the 
concave portion 1 1 and the first substrate 1 . The lid por- 
tion 2 further has a connecting hole 5 starting from the 
space 3 and opening to the top face of the lid portion 2. 
As is shown in figure 2 which is an enlarged cross- sec- 
tional diagram of the connecting hole 5 and its sur- 
roundings, a metal film 10 composed of aluminum, gold, 
etc. is formed on the top face of the lid portion 2 around 
the periphery of the opening of the connecting hole 5. 
By joining the thermo-melting material 8 to the metal 
film 10. the opening of the connecting hole 5 is closed 
with the thermo-melting material 8 so that the vibrating 
element 4 is sealed in the space 3 maintained under a 
vacuum. According to the above embodiment, the lid 
portion 2 is made of a glass substrate, the connecting 
hole 5 is opened to the top face of the lid portion 2, and 
the metal film 1 0 is formed on the top face of the lid por- 
tion 2 around the complete peripheral region of the 
opening of the connecting hole 5 by sputtering, elec- 
tron-beam deposition, or the like. Thus, the complete 
peripheral region of the opening of the connecting hole 
5 can be perfectly covered with the metal film 10. It is 
preferred that the top face of the lid portion 2 be flat- 
tened by polishing with a polishing technique. The flatter 
the top face, the more accurately the metal film can be 
formed. By joining the metal film 10 to the thermo-melt- 
ing material 8, spaces formed between the thermo- 
melting material 8 and the metal film 10 can be pre- 
vented, and thus the air-tightness of the space 3 can be 
improved. The evacuatable package of this embodiment 
has the above-mentioned structure. 

A method for producing vacuum-sealed elements 
according to the above-mentioned evacuared package 
will be explained below: 

In this embodiment, vacuum-sealed elements hav- 



ing the above package are produced according to the 
following processing steps so as to achieve mass- pro- 
duction at high efficiency: 

A plurality of vibrating elements 4 are simultane- 

5 ously formed on one silicon first substrate 1 and a plu- 
rality of lid portions 2 each having a concave portion 1 1 
in a region corresponding to a vibrating element 4 are 
formed in one glass substrate. Next, the glass substrate 
is joined to the silicon first substrate 1 such that each 

10 vibrating element 4 faces the corresponding concave 
portion 1 1 and packaged by the first substrate 1 and ^e 
corresponding lid portion 2. Then, the silicon first sub- 
strate 1 and the glass substrate are cut aiong predeter- 
mined dicing lines so as to separate and complete the 

is vacuum-sealed elements. The production method will 
be explained more in detail below. 
First, the vibrating elements 4 are each formed at a pre- 
determined location on the first substrate 1, which has 
not yet been cut, by a semiconductor-device fabrication 

20 technique. Meanwhile, in the glass substrate which is to 
be formed into the lid portions, the concave portions 1 1 
are each formed in a region corresponding to a vibrating 
element 4; through-holes 12, and grooves 13 each con- 
necting a through-hole 1 2 with the corresponding con- 

25 cave portion 1 1 are formed, as is shown in figure 3; and 
the metal films 10 are formed around the complete 
peripheral regions of the openings of the corresponding 
through-holes 1 2 opening to the top face of the corre- 
sponding lid portions 2. 

30 In a vacuum, each of the concave portions 1 1 of the 
lid portions 2 faces a corresponding one elements 4 of 
the first substrate 1 with the lid portions 2 being above 
the first substrate 1, and then, the contacting portions 
between the first substrate 1 and the lid portions 2 are 

35 joined by anodic bonding to form the spaces 3 each 
accommodating a vibrating element 4, as is shown in 
figure 3. 

During this processing step, connecting paths 14 
each connecting a space 3 with a through-hole 12 are 

40 formed by the first substrate 1 and the respective 
grooves 13 of the respective lid portions 2, and simulta- 
neously, connecting holes 5 are formed by the respec- 
tive connecting paths 14 and the respective through- 
holes 12. The air in the spaces 3 and the gas (e. g., oxy- 

45 gen gas) generated from the joined portions between 
the substrate 1 and the lid portions 2 by anodic bonding 
are exhausted from the spaces 3 through the connect- 
ing holes 5. In a vacuum, the thermo-melting material 8 
is placed in dents 16 of a second substrate 15, as is 

so shown in figure 3, melted by heat, and then, left as it is 
until the thermo-melting material 8 is completely 
degassed. 

The dents 16 of the second substrate 15 are each 
formed at a location corresponding to the opening of a 
55 connecting hole 5. The spaces 3 are evacuated until the 
vibrating elements 4 exhibit excellent operational char- 
acteristics. While continuing evacuation, the thermo- 
melting material 8 in the dents 16 and the correspond- 



4 



7 



EP 0 849 578 A1 



8 



ing openings of the connecting holes 5 are arranged so 
that they face each other, as is shown in figure 3, and 
then, the second substrate 15 is pressed to the lid por- 
tions 2 so as to join the degassed thermo-melting mate- 
rial 8 to the metal films 10 formed around the openings 5 
of the connecting holes 5. The openings of the connect- 
ing holes 5 are thereby closed with the thermo-melting 
material 8 and the spaces 3 are vacuum-sealed. The 
thermo-melting material 8 is then cooled to stabilize the 
joining portions between the thermo-melting material 8 w 
and the metal films 10. For completion of the vacuum- 
sealed elements, the first substrate 1 and the lid por- 
tions 2 are cut along predetermined dicing lines 17, as 
is shown in figure 4, to separate the vacuum-sealed ele- 
ments. According to this embodiment, each of the metal 15 
films 10 completely covers the peripheral region of the 
opening of the corresponding connecting hole 5 on the 
top face of the corresponding lid portion 2. Thus, spaces 
can be prevented from forming where the thermo-melt- 
ing material 8 is joined to the metal films 10. Since the 20 
thermo-melting material 8 and the metal films 10 can be 
joined without forming spaces, as is mentioned above, it 
is possible to greatly increase the air-tightness of the 
spaces 3. Thus, the vibrating elements 4 can be vac- 
uum-sealed with greatly improved reliability. 2 s 

Furthermore, the thermo-melting material 8 and the 
metal films 10 each in the periphery of the opening of a 
connecting hole 5 are joined by pressing the degassed 
thermo-melting material 8 towards the metal films 10. 
Thus, no gas generated from the thermo-melting mate- 30 
rial 8 enters the spaces 3 through the corresponding 
connecting holes 5. As a result, the spaces 3 are readily 
sealed to maintain a vacuum in which the vibrating ele- 
ments 4 have excellent operational characteristics. Vac- 
uum-sealed elements in which the vibrating elements 4 35 
exhibit excellent operational characteristics can thereby 
be provided. Moreover, according to this embodiment, 
the second substrate 1 5 having dents 1 6 each formed in 
a region corresponding to the opening of a connecting 
hole 5 is prepared beforehand, and then, using the sec- 40 
ond substrate 15, the thermo-melting material 8 is 
joined to the metal films 10 each formed around the 
periphery of the opening of the corresponding connect- 
ing hole 5. Thus, a plurality of openings of the connect- 
ing holes 5 can be simultaneously closed with the 45 
thermo-melting material 8 by the following simple proce- 
dure: the thermo-melting material 8 is placed in the 
dents 16 of the second substrate 15 and melted by heat, 
and then, the second substrate 15 is pressed towards 
the lid portions 2 with the thermo-melting material 8 and so 
the openings of the connecting holes 5 arranged so that 
they face each other. As a result, the operational time 
required for sealing the openings of the connecting 
holes 5 can be greatly reduced. Additionally, the open- 
ings of the connecting holes 5 can be reliably closed 55 
with the thermo-melting material 8 because positioning 
of the thermo-melting material 8 becomes easier. 
Therefore, deterioration in the yield of the vacuum- 



sealed elements due to inferior products, in which the 
thermo-melting material 8 shifts from the openings of 
the connecting holes 5 and cannot close the connecting 
holes 5, can be prevented, resulting in an improved 
yield. 

The present invention is not restricted to the above 
embodiment and can be applied to various modes. For 
example, although the first substrate 1 is made of silicon 
and the lid portions 2 are formed from a glass substrate 
in the above embodiment, the first substrate 1 may be 
made of a glass substrate and the lid portions 2 may be 
formed from a silicon substrate. Furthermore, the first 
substrate 1 and the lid portions 2 may be made of mate- 
rials other than silicon and glass, such as semiconduc- 
tor materials other than silicon and insulating materials 
other than glass. Moreover, although the openings of 
the connecting holes 5 are closed by pressing and join- 
ing the material 8 to the metal films 10, each in the 
periphery of the corresponding opening, using the sec- 
ond substrate 15 in the above embodiment, the open- 
ings of the connecting holes 5 may be closed, without 
using the second substrate 15, by placing the degassed 
thermo-melting material 8 on the openings of the con- 
necting holes 5 and then joining the material 8 to the 
metal films 10 formed in the periphery of the corre- 
sponding opening, as is shown in figure 4. Furthermore, 
although the vibrating elements 4 such as microme- 
chanical vibratory gyroscopes are vacuum-sealed in the 
above embodiment, the vacuum package of the present 
invention can be applied for vacuum-sealing other ele- 
ments such as capacitor elements. Additionally, 
although the connecting paths 14 each composing a 
connecting hole 5 are formed by the grooves 13 of the 
corresponding lid portions 2 and the first substrate 1 in 
the above embodiment, such connecting paths may 
alternatively be formed as follows: grooves connecting 
the through-holes 12 of the corresponding lid portions 2 
and the corresponding concave portions 1 1 are formed 
on the side of the first substrate 1 . and then, the first 
substrate 1 and the lid portions 12 are anode-coupled. 

Claims 

1 . An evacuatable package comprising: 
a substrate (1); 

a lid portion (2) joined onto said substrate (1): 

a space (3) formed by said substrate (1) and 
said lid portion (2); 

an element (4) formed on said substrate (1) 
and contained in said vacuum space (3): and 

a connecting hole (5) connecting said vacuum 
space (3) with an opening formed on the top 
face of said lid portion (2); 
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wherein a metal film (10) is formed on the top 
face of said lid portion (2) around the periphery 
of said opening of said connecting hole (5), and 
a thermo-melting material (8) is joined to said 
metal film (10) and close said opening of said 
connecting hole (5). 

The vacuum package according to claim 1 , wherein 
one of said substrate (1) and said lid (2) is com- 
posed of a glass material and the other is com- 
posed of silicon. 

A method for producing the vacuum package struc- 
ture of claim 1 or 2, comprising the steps of: 

1 ) forming said opening of said connecting hole 
(5) on the top face of said lid portion (2) and a 
metal film (1 0) on the top face of said lid portion 
(2) around the periphery of said opening of said 
connecting hole (5); 

2) arranging said lid portion (2) having said 
connecting hole (5) above said substrate (1) 
having said element (4) so as to accommodate 
said element (4) in the space formed by said 
substrate (1) and said lid portion (2); 



opening of said connecting hole (5) facing each 
other in the step of closing said opening of said 
connecting hole (5). 

5 5. The method of claim 4, characterized in that: 



a plurality of said elements (4) are simultane- 
ously formed on one initial substrate while a 
plurality of said lid portions (2) each having a 
concave portion in a region corresponding to 
said element (4) are formed in one initial lid 
substrate; 



10 
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the initial lid substrate is joined to said initial 
substrate such that each element (4) faces the 
corresponding concave portion and packaged 
by said initial substrate and the corresponding 
lid portion (2); and 

said initial substrate and said initial lid sub- 
strate are cut along predetermined dicing lines 
(1 7) to have a plurality of said substrate (1 ) and 
said lid portion (2) so as to separate and com- 
plete the vacuum-sealed elements (4). 



3) joining said substrate (1) to said lid portion 
(2); 

30 

4) evacuating said space (3) accommodating 
said element (4) through said connecting hole 
(5) connecting said space (3); 

5) closing said opening of said connecting hole 35 
(5) by joining degassed said thermo-melting 
material (8) to said metal film (10) so as to seal 
said space (3) accommodating said element 

(4) to maintain a vacuum. 

40 

4. The method of claim 3, further comprising the steps 
of: 

1) preparing a second substrate (15), used for 
placing said thermo-melting material (8), hav- 45 
ing a dent (16) formed in a region correspond- 
ing to said opening of said connecting hole (5); 



2) placing said thermo-melting material (8) in 
said dent (16) on said second substrate (15), so 
melting said thermo-melting material (8) by 
heat, and leaving until said thermo-melting 
material (8) is substantially completely 
degassed while the evacuating step: and 

55 

3) pressing said second substrate (15) to the 
top face of said lid portion (2) with said thermo- 
melting material (8) in said dent (16) and said 
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FIG 3 
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